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27
during the competition phase, the XC skiers training became more sport-specific, and that the pre 28 tapering strategy did not follow the suggested tapering practice with regard to rest. However, few 29 studies have linked peaking strategies to annual training characteristics and the structure of the 30 competitive season of athletes 19 . Earlier research that has examined performance and competition has 31 focused on performance tracking 20, 21 , the relationship between training and performance 23 and 32 performance variability 24, 25 .
33
Specific to the focus of this paper, performance variability in athletics has received some 34 research focus, primarily looking at intra-subject variability of 5 km time-trial running 26 , variability of 35 performance between laboratory conditions and those simulating a real competitive event 27 , and within-36 athlete variation in performance 28,29. Featuring prominently is the work of Hopkins and colleagues and 37 the concept of the smallest worthwhile change (SWC) (1999;2001; 2005;2014) . Using real data and 38 performance simulation focused on elite athletes in sports where the outcome is determined by a single 39 score (e.g. time or distance) they examined the magnitude of performance change required to be 40 practically meaningful. The SWC was considered 30% of the standard deviation (SWC = .30*SD) in 41 elite athletes, 30, 31 which reflects winning one more medal per 10 competitions 32 . The SWC in 42 performance is viewed as important when assessing athletes within a performance test to make 43 decisions about meaningful changes in an individual or to research strategies that might affect 44 performance 30 .
45
Yet the margins of victory in elite athletics, in many cases is less than the SWC. For many 46 athletes the margin of victory, or the probability of medaling, is marginal; an enhancement of any kind 47 could be important, possibly career changing. For example, at the Athens Olympics in 2004, 0.13 48 seconds separated the first four finishers in the women's 800m, with 3 rd and 4 th separated by just 0.08 49 of a second; well below the SWC. The SWC work is derived from data on elite athletes 31 , the extent 50 to which this is applicable to lower level athletes is unknown. From an athlete's perspective, their focus 51 is on absolute times (fastest time recorded) and even the smallest changes in performance are 52 meaningful; whether that be winning medals or recording personal best performances. 1 of an optimum type and number of competitions ranging between seven and 16 competitions 4,34 .
2
Perhaps it is no surprise that such a broad range of an optimal number of competitions are suggested.
3
It is reasonable to suggest that the individuality of performance would inevitably mean that some 4 athletes respond well to many competitions in a preparatory period, others less so. However, there is 5 also a distinct lack of empirical evidence proposing the duration of a competition programme or the 6 number, frequency and distribution of competitions to support the timely execution of an athlete's fastest 7 performance and whether this is affected by the sex of the athlete. For example, the suggestion of 10 8 to16 races in a competitive season 34 raises questions regarding the distribution and frequency of these 9 races, their time-course and the level of these races. In supporting the delivery of an athlete's 10 performance, knowledge of how to plan a coherent competition phase would be beneficial to coaches.
11
Understanding the duration of the competition phase, the type and number of competitions required 12 would facilitate the coach's planning process. Currently, with most of research focusing on elite athletes 13 there is no means of identifying best practice guidelines for coaches and athletes who are competing 14 at sub elite performance levels.
15
Purpose of the Study.
16
The purpose of this study was to analyse contemporary United Kingdom (UK) performance 17 data from middle distance runners, using a publicly available database, to determine a) the number of Method. 24 25 Subjects.
26
United Kingdom (UK) athletes that were ranked in the UK top 100 athletes for the 800 m and 27 1500 m athletics events during the period of 2006 to 2017 were the focus of this study. The initial 28 sample consisted of 4,800 observations (n=2,400 male, n=2,400 female) over this period. In total, 29 1,166 individual athletes contributed to these performances (n=604 male, n=562 female).
31
Data extraction.
32
The information on individual's races used in this study were extracted from a public database 33 (www.thepowerof10.info). Prior to data extraction, institutional ethical approval was gained. Using an 34 observational research design, for the twelve years, for the 800 m and 1500 m events, the following 35 data was extracted on individual athletes: athlete name, age group, date of birth (DoB), the fastest 36 performance for the event in each season, date of the first outdoor track race in each season, date of 37 fastest time in the event in each season, the number of races completed each season by each athlete 38 prior to achieving their fastest performance, the total number of races to reach fastest performance (all 39 track distances), the total number of event races (i.e. 800 m or 1500 m races) to reach the fastest 40 performance, and the date of the final track race in each season. Subsequently the number of days 41 between the first race and the fastest performance were calculated.
43
Performance selection criteria.
44
All outdoor track performances were included irrespective of the level of the competition or the 45 event distance covered. Competitions where the athlete started but did not finish were still counted in 46 the analysis. This was on the basis that it was unlikely an athlete would have intentionally decided not to complete a race. Where an athlete's fastest performance occurred at a championships event, the 48 results were scrutinised to ensure the performances were counted in the order in which they would have 49 been completed (i.e. heats, semi-finals and final). For the purposes of this study, races within a 50 championship context were counted as individual races, that is, where an athlete progressed through 51 two qualifying rounds and then competed in the final; this was counted as three races. Where mid-race 52 points were recorded (i.e. 1500 m point in a mile race), they were counted as one performance.
53
Performances were excluded for each year if they were achieved in any indoor track 54 competitions. Indoor performances were discounted for this study as they are generally considered 55 within athletics to be a separate competition phase. The indoor track season usually has a lower 56 number of athletes opting to compete and is shorter in duration (i.e. January-March). In addition, any 57 performances in an athlete's profile that were either non-track races (e.g. road racing,) or non-running 58 (i.e. field events) were also discounted. Additionally, only those races that were completed within the 5 northern hemisphere's traditional outdoor track season (late March through to early September) were 1 counted. For those athletes who competed in outdoor races in the southern hemisphere (e.g. Australia, 2 South Africa) these races were discounted as they occurred outside what is generally accepted in 3 athletics as the outdoor track season. Finally, athletes were not excluded from the study based on age.
5
Data Analysis.
6
The data collected was subjected to a cleansing process to ensure the integrity of all extracted 7 competitor performance data. The cleansing process subjected the individual performances to an 8 assessment against pre-determined inclusion criteria (see above -performance selection criteria). If 9 an athlete's performances did not meet the inclusion criteria those athletes were discounted from the between the first and fastest performance, the initial results suggested a large frequency of observations 20 at zero, indicating that for a large number of athletes, their first run was also their fastest performance.
21
If an athlete only completed one race in an event discipline in a season, then the athlete was discounted 22 from the analysis. This was on the basis that for these athletes there was no competition profile. By days required for optimal 1500m performance was significant (P < 0.001) for both sexes. Similarly,
23
there was also a significant increase (P < 0.01) between the number of races and days male athletes 24 required for optimal 800m performance compared to that for 1500m. 
39
Level of athlete.
40
Q1 male athletes (quickest in terms of all-time PB) ran the fewest races but were not 41 significantly different from the Q2 and Q3 level male athletes; Q4 male athletes ran significantly more 42 races (P < 0.01). The Q4 athletes ran 12% more races than the Q1 athletes. There was no evidence 43 of a difference in number of races across the levels of female athletes. The analysis indicated that the 44 expected number of races is 5 for Q1 males running the 1500m. This increased to 6 races for Q1 males 45 running 800m a difference that was significant (P < 0.001). For female athletes, the expected number 46 of all track races for the Q1 1500m women is 6 races increasing to 7 races for the 800m. 50 Table 3 highlights the five number summaries for age group athletes by sex and discipline.
51
Senior athletes appeared to have shorter timeframes and races compared to younger age groups with 52 a smaller median number of races and number of days, with U20 athletes running the most races and Discussion. 19 20 The purpose of this study was to analyse contemporary performance data in middle distance 21 runners. The two main findings from the study indicate that 1) within discipline, female athletes required 22 a greater number of days and races to achieve their fastest performance of the season, 2) 800 m 23 athletes required a greater number of days and races to reach their fastest performance compared to 24 1500 m. This was consistent across sex and takes into account between-and within-athlete variability.
25
Notwithstanding these findings, there is a large amount of variability in the structure of competition 26 programmes.
28
Number of competitive performances prior to the season's fastest performance.
29
Within the time frame detailed in the results, the content of the competition programme should approximately one race every seven days. Logically, this implies that the average days per race might 38 be constrained by individual lifestyles, access to races or race availability. Conversely, it could also be 39 an indication of a lack of planning of the competition programme and raises issues regarding the 40 appropriateness of race selection. However, it is unclear from the data whether the principle information 41 to aid the planning practices of a coach should be the time frame available or the number of races.
42
Nonetheless, this information does provide guidelines to a coach regarding the period and volume of 43 races that are more likely to support fastest performance.
45

Number of days between the first and fastest competitive performances of the season.
46
The optimum time frame to produce the fastest performance is determined by event discipline and sex (figure 1). Females athletes appear to need a greater number of days than their male 48 counterparts to achieve their fastest performance in both disciplines. It is not clear why females required 49 a more days across both disciplines. The difference found between the sexes and discipline are 50 discussed later in this paper. It would seem reasonable to suggest that there may be some element of during the winter period before transitioning to training increasingly focused on their anaerobic capacity 8 (speed training) 3, 21 . The training to build the anaerobic capacity usually coincides with the start of the 9 track season 3, 21 . An 800m race has a larger anaerobic contribution than the 1500 m 41, 42, 43, 44, 45 , the 10 increase in days needed to achieve fastest performance in the 800 m could reflect the time needed for 11 optimal anaerobic adaptations to occur. A tentative explanation for the increase in the number of 800 12 m races could also indicate the possibility of athletes using racing as a training tool 46 . Anecdotal 13 evidence from athletics suggests that coaches do use racing as a simulation tool to aid preparation.
15
Male v Female.
16
Female athletes, on average, needed a longer time frame and number of races between the 17 first and fastest race in the 800m and 1500m to reach fastest performance. The interquartile range 18 (IQR) is similar across sex and discipline with regard to the number of races required to reach fastest 19 performance. Across discipline the IQR indicated a difference between the sexes with regard to the 20 number of days to achieve their fastest performance. There are more females requiring a longer time There was overall evidence of the phenomenon of many athletes 44 running their fastest race as their first race but no evidence that this varied by discipline, but it did appear 45 to vary by age group with both U23 and U20 athletes less likely to do so. The level of the athlete did 
54
The variation could be indicative of a lack of evidence based guiding principles for coaches, resulting 55 in either ineffective planning or no planning.
56
Furthermore, whilst the variability might, in part, be attributed to a lack of effective planning,
57
there is an element of uncertainty. Through incorporating the planning of the competition phase into 58 coach education programmes, a coach whose athlete(s) appear(s) at either end of the ranges or who 9 has had a large seasonal variation in when they achieve their fastest performance, could be supported 1 to change practice and plan more effectively. The large variation is an indication that there is a need 2 to determine evidence based guiding principles. In the absence of any other empirical evidence, these 3 results can provide a tentative framework within which a coach can plan and evaluate both current and 4 future practice.
6
Practical applications for athletes and coaches. 7 8 This study can aid those coaches who are planning for their athletes to achieve their fastest 9 performance in a specified time frame or competition. Moreover, it offers a first step in providing an 10 evidence based framework for parameters about when athletes are more likely to produce their fastest 11 performance. This research has strong heuristic value for coaches regarding competition parameters 12 associated with optimal athlete performance. This can support the general strategic considerations of 
34
The recommendation is that future research should look to re-examine the data periodically to 
41
Conclusions. 42 43 The exploration of a middle distance athlete's completion phase prior to the taper has revealed Tables. Table 1 : Performance indicators used in determining an athlete's level of performance based on an individuals all-time personal best performance (PB) in the event. Figures. Figure 1 : The lower quartile, median, upper quartile data from the five number summaries by sex and race discipline for the number of races to achieve the fastest time. 
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